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L5 Coaxial-Carrier Transmission System

Foreword

Coaxial-carrier transmission systems constitute a significant portion

of the Bell System long-haul transmission facilities. These systems

have been developed over several decades to provide the basis of a

high-quality, high-capacity, long-distance communications network.

After extensive exploratory work on wideband amplifiers and coaxial

cable, the feasibility of a coaxial-carrier system was demonstrated in

1936 between New York and Philadelphia. The success of this trial

was followed by development of the first Bell System coaxial-carrier

transmission system, the LI. Placed in service in 1941, the LI system

was initially capable of carrying 480 four-kHz two-way message chan-

nels per pair of 0.270-inch-diameter coaxial cables, with a repeater

spacing of 5.5 miles. Soon, 0.375-inch-diameter cable became standard

and, with system improvements, the vacuum-tube-operated LI system

was capable of carrying 600 circuits per coaxial pair with 8-mile

repeater spacing. Its capacity was later increased to 720 circuits.

The major expense of the coaxial system has been in the outside

plant area: cable, cable placement, right-of-way, and buildings,

including aboveground or underground structures for housing re-

peaters. Once this portion of the system is established, development

of electronic equipment to provide maximum utilization of the cable

becomes economically attractive. Each successive generation of

repeaters achieved wider transmission bandwidth and, hence, larger

channel capacity through use of shorter repeater spacing, new tech-

nology, and more advanced system concepts. Use of cables with more

1897



E
CD

co

en

c
o

E
C/)

c

c
o
'+-

o
>
LU

CO

HWg
i!

3.2
03 o
oj a

kJ

•-* s bit-—.

u „j a, 03
ga£-^=

H CO

111
33 OJ t-

ffgo

1 11 if*

.2, a

2 E: a

Shi °s-

£>ift- 01™

S^J 5 3 ol O

was a ox
.2 3 :

3a!

a ?,

H W9 s Ei

§•3.9-1.2 E
iHfl*
S * °» 5 -s ™ .0 E» 9 2

hBMi
ol -: 3 - a i.

HI
O «JI £.2:5 S.2

s.2 ft*a If
U Still
eS-s^ssrajj
•h ca

^ 03

*3

*00 00<N

1*4 <D

51 3

.5 8

fl'C x
oow

1898 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1974



coaxial units per sheath increased route capacity and further reduced
per-channel-mile costs.

From the outline of the evolution of coaxial-carrier systems in Table
I, we can see that, in 33 years, the channel capacity of repeatered
coaxial line has increased by a factor of 22.5—from 480 to 10,800
channels, and further increases are anticipated. In the same period,

improvements in cable technology allowed the manufacture of cable
with 5.5 times more coaxial units in the cable sheath—from 4 tubes to

22 tubes—resulting in a 10-fold increase in signal-carrying capacity, not
including the two units reserved for service protection. The total

impact, then, was a 225-fold increase in route capacity. During the
same 33 years, Bell System circuit miles increased 485-fold.

This issue of The Bell System Technical Journal describes in detail

the latest in the line of coaxial systems—the L5 Coaxial-Carrier
Transmission System. The articles include descriptions of an advanced
systems approach and sophisticated repeatered-line and equalization

designs. Also included are the novel concepts in repeatered-line power-
ing, line-protection switching, equipment-performance surveillance,

centralized maintenance, and carrier reference-frequency generation.

Other articles describe the new multiplex and signal-administration
equipment and the important role in the success of L5 played by
innovations in physical design and thin-film techniques and by the
use of ultralinear semiconductor devices. The many computational
aids and measurement facilities that were effectively used in the
development of the system are also discussed.

The initial L5 system—815 miles of cable, 14 stations, 850 manholes,
3400 manhole repeaters, and over 250 bays of transmission equip-
ment—went into service on January 3, 1974, fulfilling a schedule
developed six years earlier. This on-time completion of such a massive
system required the dedicated effort of many individuals in the Bell

System companies. Bell Laboratories people conceived and developed
the system and its components; Western Electric people were re-

sponsible for manufacture of cable and electronic equipment and
for installation of main-station equipment; and AT&T and Long
Lines people were actively involved in system planning, coordination,

route selection, cable placement, installation of line equipment, and
operational testing. It is to this skilled Bell System team that this

issue is dedicated.
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